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The present invention concerns improved filters for flue gas filtration. 

S The Oiesel engine emits large quantities of carbon particles known to be hazardous to human beings. 
F.Uration of such particles is often pertormed using one-piece Cmonolithic-) substrates, so called Wall 
Flow Filters (WFF). A number of types of WFF are manufactured in a ceramic material called 
Cordierite by the company Coming Glass Works Inc. A WFF made of a material which had been 
found especially suUed for use in this type of filter, SiC, is disclosed in International Patent Application 

1 n publication number Wq 89/09648. 

soot filters are also manufactured as a relatively thick-walled pipe stmcture, from pressed metal wire, 
5 Johnson Matthey Ltd.. or ceramic wire mesh or. from foam ceramic structures manufactured by 
5 Alusuisse AG. Most of the Known methods result in relatively low soot filtration efficiencies and 

significant soot blow-off, further reducing the filtration efficiency. 

i Accumulated particulate matter from a diesel engine will react with oxygen when exposed to 
r temperatures higher than 550=C in air with 21 per cent of oxygen. With decreasing oxygen 
5 concentrations, higher temperatures are required. 

% Due to the high efficiency of diesel engines, exhaust gas temperatures seldom exceed 400oC in 
g heavy-duty engines, and particles therefore build up in the exhaust gas filter and block the niter ,n a 
relatively short time, often after only a few hours. 

,3 Regeneration of flue gas niters is often accomplished by a few rather complicated techniques typK:any 
" employing external heat supplies and where the whole f.lter structure, including the particulate matter, 
is heated with external energy from an oil burner or an electrical heating apparatus. 

All known regeneration systems known are rather complicated, expensive and. being so complex. 
30 prone to technical failure. Thus, it is highly desired to obtain filters which are able to be regenerated at 
temperatures as low as possible to avoid complicated control systems for monitoring the regenerat.on, 
as well as to reduce the large energy loss incurred when heating a filter body to in excess of e.g. 



500°C. 



35 precious metals such as platinum and palladium are known to oxidize organic gases and organic 
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matter at relatively low temperatures; carbon monoxide may be oxidized at temperatures as low as 
200<>C in situations wtiere Itie carbon monoxide interacts with a large surface area of ttie precious 
metal. 

Diesel soot filter regeneration temperatures not lower than 400»C have been reached on Coming 
EX-47 or EX-66 Wall Flow Filters, using either a platinum or a vanadium pentoxide coating. These 
active coatings known eif se are supplied to the actual surface of the body and do not penetrate 
deeply into the porous structure thereof. 

Degussa AG has tested several coatings and have undertaken field trials showing that a vanadium 
pentoxide coating can reduce the regeneration temperature by a reasonable margin. In fact, 
regeneration temperatures in the order of 350»C have been achieved when applying a surface- 
J increasing coating and a calalytically active substance on a large surface metal wire mesh filter body, 
j This is described by M. F. Buchman and B. E. Enga from Johnson Matthey, Inc. in SAE (Society of 
Automotive Engineering) paper number 840080 with the title : "Regeneration Behavior af Light-Duty 
Catalytic Trap Oxidizer Systems". 

It has been tried to deposit a surface-increasing coaling on the filter wall in order to increase the area 
in which the gas or soot interacts with the catalytically active coating. This coating may be in the form 
of a so-called wash coat which is deposited by "washing" a solution or slurry containing the 
catalytically active substance through the filter body in order for some of the substance to deposit on 
the filter wall. However, the relatively large amounts of wash coat necessary have been a problem as 
they tend to close the filter. 

If a surface-increasing coating is used in connection with a catalytically active coating, the thickness of 
the coating will in general be so large that a porous material having a pore size of 15-25 pm would 
have a significantly reduced pore size after the deposition of these two coatings. Thus, it is not 
recommendable to use this technique on filters having an initial pore size lower than e.g. 25 pm. 

Therefore, the only method for use of a surface-increasing coating on substrates having a pore size in 
this range has been on catalytic carriers, where the porosity of the substrate is not utilized for filtration. 

The catalytic conversion of hazardous exhaust gases is strongly dependent upon the contact time. For 
a given gas flow rate, the contact time will be increased when the contact area is increased, thus 
35 giving a higher conversion rate. Thus, the catalytic activity of an applied catalyst towards particulate 
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o^atter is also strongly dependent on the contact area. For a given soot load, a larger contact area w... 
reduce the overall layer thicRness of the deposited soot, and the time required for complete 
regeneration - soot b«m off - will thus be reduced. Furthermore, a reduced layer thickness of the soot 
■ will increase the rate of regeneration at low temperatures since the soot bums when in contact w.th the 

catalyst on and inside the filter wail. 

Hitherto incomplete regeneration of f.lter bodies has been a problem for wall flow filters. This 
ir,complete regeneration wilt leave soot in the f.lter so that the time between two consecufve 

regenerations is reduced. 

AS descnbcd above, the preferred method of regenerating a f.tter on a vehicle is ,o have the 
regeneration taKe place at relatively low temperatures, which will eliminate the need for expensive and 
° sophisticated external hardware to heat up the filter and control the process. This is furthermore 
S advantageous with respect to safety of the vehicles. It is not preferred to have a hot piece of ceramics 
rP or metal in the remains of e.g. a crashed car where fuel may be leaking from the tanK. In addition, .t .s 
1 not preferred to have a verv hot filter enclosure positioned under a car driving or parking in e.g. long 
i grass, as this grass may be ignited by the niter enclosure. Thus, the lower the temperature of the niter 
r body, the safer the vehicle altogether. 

I investigations have shown that it is possible to obtain considerably lower regeneration temperatures 
H by increasing the surface contact area between the active coating and the soot. 

^ Mlzrah. T., Gaba.^*,, ..-P.. GaucKle,, L, BalKe. A.. Pades,.. L. . Mayer, H P C SEUEE: cera.,c 
Foa. ,0, P0„u,ion ReduCion" , ENVICERAM -86 Proceedings, 7.-9. December ,936) compared ma 

s soo> K,„»ion temperature ,or ceramic .can, mre., a,>d Wa« F,», Filters. The ceramic ,oam mer .s a 
depm litter v,i,„ rather low trapping el.idency (58 ,0 67%) compared to approximately 90 /. tor the 

WFF. 

The larger surface area of the coated foam filler, compared to the coated 
50 WFF reduces the soot ignition temperature further by 25=0 and by 200=C for 

the non-coated WFF. The catalytic coatings tested were Degussa D31 3 and D345 
on Corning WFF. No surface-increasing coating was applied. 

U has been found by the present inventor, that in a niter of the type described in WO 89/09548 part of 
3 5 the nitered soot is actually trapped at a small distance into the niter wall of the filter body. In a filter 
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body of this type having a mean pore size of 30-200 pm. soot may be deposited in a depth of up to in 
- ,he order of from minus 200 ,.m (on top of the filter) to plus 1 000 pm (inside the filtering wall). 

• This finding has contributed to the inspiration resulting in the present invention. According to the 
invention, the sool particles are allowed to travel into the interior of the filter, such as into the interior 
of the filtering wall of the WFF, where they are removed by decomposition by contact with a suitable 
catalyst which has been deposited in the interior of the filter. The volume actually holding the soot is 
thus dramatically increased, as also at least parts of the inner surface of the filter body hold the sool. 
Thus, according to the invention, the catalytically active substance is deposited not only on the outer 
surface of the filtering wall, but also on the internal surface of the filter body wall, whereby the active 
area of the surface on which the catalytically active substance and the trapped soot interact is 
increased, resulting in a decreased regeneration lemperalure of the soot on the filler body when the 

° catalytically active coating is an oxidizing coating. 

c * The inner surface of the filter body is defined by the walls of the paths used by the gas to travel 
i through the filler body, In the filler body described in WO 89/09648. this inner surface is conslituted by 
£ the surfaces of the particles constituting the filter body. 

O The inner surface of Ihe filter body may be further increased by depositing a surface-increasing 
t coating such as a so-called wash-coat, on the surface, including the inner surface, of the filter body 
5 prior to the deposition of the catalytically active substance. In this manner, the total surface.of the filter 
p body on which the soot interacts with the catalytically active substance is increased drastically. 
^ resulting in a drastic reduction in the regeneration temperature of the filler body. 
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Thus when applying a catalytically active coating on the increased inner surface of the filter body, the 
regeneration temperature of the filter body may. in suitable embodiments of the invention, be reduced 
to a temperature as low as 350°C or even 330'C or lower. 

According to the invention, even a further increase in the surface of the filter body may be obtained by 
providing a filler body having a relatively larger mean pore size, such as 30-200^m, that allows the 
sool particles to penetrate deeper inlo the wall structure and. thus, interact with the active coaling on 

an even larger surface. 

The invention constitutes a considerable improvement compared to known Wall Flow Fitters, which 
are known to build up a soot particle filter cake on Ihe surface only, with very little soot penetration Into 
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the structure, resulting in a requirement for regeneration temperatures of at least 400°C. 

It is furthermore contemplaled that the soot ignition temperature may be lowered considerably with Cu- 
or Fe-based additives (of types known perse) supplied to and soluble in the diesel fuel as an organo- 
metallic fluid. 

To eliminate the possibility of the soot particles passing through the filter wall, so-called blow-off, a 
membrane is supplied to the filter wall outlet side This membrane has a considerably lower pore size 
than the filter body wall, ensuring a very high filtration efficiency, also when the filter is clean with no 
filter cake. {Known Wall Flow Filters depend strongly on the filter cake to increase the trapping effi- 
ciency from 70-80% with a clean filler to 85-90% with a filter cake partly covering the filtering wall.) 

In the filter according to the invention, the provision of a membrane on the filler wall outlet side makes it 
possible to choose the pore size of the porous sintered filler body so large that part of the soot is not 
fillered by the filler body but would actually blow through the filler body if the membrane having a 
smaller pore size were not deposited on the outer surface of the filter body. 

Conventionally, a membrane having a pore size smaller than that of the filter body has been deposited 
on the filter body of known filters for increasing the filtering efficiency of the filter body. Typically, this 
membrane is required when filtering very small particles, such as dust particles, tn the known filter 
bodies comprising membranes, the membranes are positioned on the gas entrance side of the filtering 
walls of the filter body. The membrane prevents penetration of the dust into the filter body, as dust 
particles are not readily removed from the inside of a filter body. It will be appreciated that this arrange- 
ment is basically different from Ihe arrangement according to the present invention where the mem- 
brane is not used to prevent soot particles from penetrating into the filter body, but is rather used to 
prevent the soot particles (which are allowed to penetrate into the filter body) from leaving Ihe filter 
body. 

Thus, according to the present invention, a membrane is preferably positioned on the gas outlet side of 
the filtering wall of the filter body, as penetration of the soot into the filler body is highly desired; this 
increases the area of the active surface of the filter. In fact, when combining a suitable large pore size 
and a membrane, ihe area in which the soot and the catalytically active substance are in contact wilt be 
substantially the whole of the inner surface of Ihe filler body in addition to the outer surface of the gas 
entrance side of the filtering wall of the filler body. In the filler body according to the invention, the 
membrane solely seizes the purpose of allowing a large active contact area and on Ihe same time 
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assuring a suitable, high filtering efficiency of the filter body. 



Details about how the membrane can be established are given in the following. It should be 
understood that it is within the scope of the present invention to establish the "membrane" by means of 

S a gradient of the pore size of the filter body along the thickness of the filter wall, starting with relatively 
large particles resulting in relative large pores such as, e.g., pores of a size of 35-500 ^m and ending 
with pores which are sufficiently small to ensure that the soot will not leave the filter on the outlet side, 
such as. e.g., a pore size of 5-10 in an intermediary layer and down to a pore size of 0.5-5 jam, 
such as 1-2 ^tm, in an outenmost layer on the outlet side. It is also possible to have a transition directly 

\ 0 from a particle size giving large pores to a particle size giving sufficiently small pores lo act as the 
soot-particle-stopping membrane. 

^ Utilizing Ihe principles of the invention, Wall Flow Filters made by powder technology (e.g., the SiC 
2 powder technology disclosed in WO 89/09648; this powder technogy is also described in greater detail 
1 in the following) can act as a combined surface and depth filters, that is. where part of the particles are 
5 allowed to penetrate into the filtering wall, and a membrane on the outlet side of the filter wall, a 
constant high filtration efficiency is achieved in combination with high contact area between the soot 
and the catalyticaify active coating inside the fitter's porous internal wall structure. 

2^^ in addition to lowering the temperature for decomposition of the soot particles, the present invention is 
^ also believed to be very important and advantageous in connection with removal of the very small 
M= soot particles generated by modem highly efficient dtesel engines. These modern diesel engines 
generate soot particles which are considerably smaller than the sool particles generated by the 
previous, generations of diesel engines (these previous generations are however, still in use ail over 

25 the world and will be in use for many years to come). While previous generations of diesel engines 
typically generated particles between 10 |.im and 1 ^^m, modem diesel engines typically generate 
particles of sizes in the range of 50 nanometers to 1 ^m. in particular in the range of 50 nanometers to 
500 nanometers, and an important aspect of the invention relates to the removal of sool particles in 
this size range using the filter principle according to the invention. 

30 

It should be understood that although the filter principle according to the present invention is described 
particularly in connection with the removal of particles from flue gases, it is contemplated that the 
principles of the invention may also be useful in connection with the removal of ullrafine particles from 
other fluids, in particular, but not limited to, gases. 
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,n the fonoWng. a more detailed discission of types of filters, suitable as the niter types to be used in 
connection with the present invention, is given. 

ceramic filters are often preferred when the process environment contains hot gases with a relatively 
low oxygen content and the possibility of a relatively high sulphur content. 

Silicon carbide has a number of advantages over other materials used in filters, such as oxide 
ceram.cs metals, organic f.bres and other ceramics. SiC is long time stable in an oxidismg 
atmosphere up to temperatures as high as ISOO^C. Pure, solid SiC has a high physical strength, even 
It high temperatures. As an example, the strength of solid SiC is 7 times the strength of solid alum.na 

at LOOO^C. 

The base materia, of the powder technology honeycomb fiKer body is preferably ceramic particles, and 

^■^1,:. <-iTo in thp ranne of 1-250 pm, such as in the range of 
will normally have an average mean particle size m the range 

10-1 50 pm. preferably in the range of 30-100 pm. giving filters with pore sizes rangmg from 10-200 
pm. preferably 20-100 pm. such as 40-50 pm. 

,f SiC is to be used 12 commercial grades of SiC are presently the preferred starting products for 
producing the porous silicon carbide elements, such as Mesh 40, 60. 80. 120. 150. 180. 220. 280. 320. 
360. 400, 600 (according to FEPA standards (FEPA: Federation of the European Producers of 

1 Abrasives)). 

Production methods normally employ cor,tinuous barrel/auger extmsion. but also other commonly 
known ceramic shaping processes, such as tape-casting, iso-static casting, slip-casting and other 

25 casting methods may be used. 

The presently preferred manufacturing method of the r.tter bodies is extrusion and sintering of a paste 
comprising particles of a ceramic and/or metallic material, a permanent binder, one or more green 

binders and a liquid. 

When sintering metallic particles, the outer surface of the particles melt slightly, whereby, after cooling 
of the Sintered body, the sintered body is solidified by the melted metal which solidifies also in men,sa 
in the boundaries between the particles. When using this porous sintered material as a niter body, the 
holes between the interconnected particles may form the actual pores of the filter body. 
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Thus, as the particles directly define the porosity of me sintered filter body, the choice of particle size 
defines the pore size of the sintered material. 

in addition, when using particles having a narrow size distribution, the pores of the sintered material 
will have a narrow distribution, as identical size/shape particles define identical pores. 

However, the above -automatic" interconnection of the particles is not seen when sintering e.g. SiC. as 
SIC does not melt at high temperatures. Instead, SiC disintegrates at a temperature of about 2500oC. 
Thus, attempting to sinter SiC in the same manner as metals or liquid-sintering ceramics such as 
Cordierile will result iri a pile of SiC powder, a totally dense SiC material or a mixture thereof. 

Therefore, when using SiC in the filter body, a pemianent binder is preferably incorporated in the 
paste to be shaped and sintered to form the porous filter body. During sintering, this permanent binder 
will interconnect the SiC particles and, thus, solidify the filter body in the desired shape and in a 
manner so that the SiC particles, as described above, directly define the pores of the material. 

In a preferred embodiment of the filter body according to the invention, the permanent binder is 
constituted by small particles of SiC. such as microfme eller ultrafine SiC, e.g. microcrystalline SiC. 
having a particle size in the interval 0.1-10 pm. This microfme SiC will, due to the evaporation 
pressure of particles having a small radius of curvature being larger than that of particles having a 
larger radius of curvature, evaporate or decompose at a temperature where the larger particles are 
more stable, and solidify among other places in the boundaries of the large SiC particles in the filter 
body. Thus, the sintered filter body consists of SiC particles, again defining the porosity of the filter 
body, interconnected by SiC. 

This all-SiC filter body is highly preferred, as SiC has superior properties in fiue gas filters, and as no 
other materials having less optimum properties are present in the filter body to reduce the overall 
properties of the filter body. 

Extrusion of a microfine or sub-micron or micro-crystalline powder-based material to a honeycomb 
monolith or pipes using a pore-fomiing agent to focm the porosity of the filter body is an alternative 
method for producing structures with a controlled pore size. The pore forming agent will preferably be 
organic particles of a controlled size in the range of 5-1000 pm. preferably in the range of 10-1 00 pm. 
The pore forming agent may be manufactured from various materials, such as combustible or organic 
materials, such as sawdust, granulated polyurelhane powder, a polymer, or carbon powder. When the 
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shaped green body is oxidized, after drying, at high temperature in an oxidizing atmosphere, the pore 
forming agent will evaporate and. thus, leave pores of a controlled size. 

AS the filler bodies may be manufactured with a well-defined pore size, the pore size may be chosen 
depending on the filtering efficiency of the filter body. Thus, depending on requirements for the 
maximum system weight, the powder-based filter body may be manufactured with relatively thin walls. 
Especially due to the high mechanical strength of the preferred niter body consisting almost entirely of 
SiC. thin filtering walls may be obtained. Wall thickness may be 0.5-10 mm. preferably 0.8-2 mm. The 
cell pitch may be in the interval of 1-25 mm. preferably 2-10 mm. 

Also the known manufacturing of foam-casting may be employed for producing an open cell structure 
where a slurry containing a relatively fine-grained or sub-micron powder i.s sucked into a polyurelhane 
I pre-shaped foam structure. After drying, the pores are fomied by the organic material, which is 
3 removed during high temperature firing so as to leave behind a ceramic structure, a so-called foam 
" filter having a variety of interconnected open cells. The slurry will, in addition to some organic binders 
typically contain powders having sizes of 0.1-50 pm, preferably 1-20 pm. Wall structures of foam 
filters preferably have 40-160 cells per inch. 

SiC Silicon carbide, exists as alfa and beta crystal phases. Depending on the production method, beta 
SiC may contain residual silicon metal that may react with a precious metal catalytic coating and 
poison this active coating. However, if non-precious coatings are used, beta SiC-containing silicon 

metai may be used. 

An SiC body fired at temperatures above 200O0C will mainly consist of pure alfa SiC. Therefore, the 
alfa type is preferred as raw material. The beta type is not available in grain sizes above 10 pm. but 
alfa SiC is available in grain sizes ranging from fractions of pm's to several mm's. 

If a low strength ceramic material is used in a niter body, such as when using day-bonded SiC 
powder the wall thickness may need adjustment as the sintered material has a lower strength 
compared to the presently preferred niter body containing SiC. Other ceramic powders, such as S.3N.. 
SiONC. alumina. Cordierite. Mullite, Spodume. members of the Nasicon slrrictural family may be used 
as the base body stmcture. The sintering method is simpler for the oxide ceramic bonded ceramics, 
compared to pure SiC. Cordierite and Nasicon are known for their low coefficients of thermal 
expansion, making them suitable for niters subjected to large variations in exhaust gas temperature. 
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By the powder technology filter production, combinations of different grain sizes of both permanent 
binder and coarse substrate grains may easily be achieved giving a wide variety of structures with 
precisely controlled and desired porosity and pore sizes. 

Also metal powder or metal fibre bodies based on iron, chromium, nickel, cobalt, aluminum or 
manganese as the main ingredient in an alloy could prove useful for specific applications. 

A surface-increasing coating may be constituted by small particles bonded to the inner surface of the 
filter body, if the particles constituting the surface-increasing coating are small compared to the 
structures of the inner surface, the surface-increasing coating will, e.g., render the inner surface more 
coarse and, thus, larger due to the small particles defining a large number of "bumps" on the 
previously more plane surfaces. 

The particles lo constitute a surface-increasing coating may in a preferred embodiment be introduced 
in Ihe porous structure of the filter body by manufacturing a slurry containing these small particles and 
introducing the slurry in the porous stmcture. 

The introduction of a slurry of small colloid particles - called a sol - is preferably done after the ftring of 
the filter body and after removal of residual carbon from the green binder. 

When subsequently drying and sintering the filter body, the liquid of the slurry is removed and the 
small particles are fastened to the inner surface in the porous structure. 

In one embodiment, the small particles will be particles which are capable of sintering together and 
which, due to the sintering, will by themselves adhere to the inner surface of the filter body. Thus, no 
permanent binder is not required in this case. 

A wash coating may be desired between the active coating and the base material structure. The wash 
coating may be established using known art techniques for applying wash coatings and, as a preferred 
example, may comprise alumina and/or alumina hydrates and/or mullitization of alumina-siiica-gel 
known to be suitable for increasing the specific surface area considerably, often in the range of 
10-1000 times, compared to that of the raw base material, or, expressed in another manner, a surface 
area from 0.1-100 m^/gram base material. As alumina only changes to low surface aifa-crystal 
structure at temperatures over lOOO^C. the alumina coating in this invention will stay very stable 
during regeneration of the fitter body, as no low-metting phases are identified even without the use of 
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high-temperature-stabilizing additives. 

Furthermore, in the case where the adhesion between the surface-increasing coating and the inner 
surface material of the filter body is larger than that between the catalytically active coating and the 
inner surface material of the r.lter body, the adhesion of the catalytically active coating in the filter 
body may be increased by the introduction of the surface-increasing coahng. In addition hereto, the 
surface-increasing coating may furthermore provide better adhesion of the membrane material as this 
material now has a larger number of contact points in the material. 

The superior adhesion of the preferred alumina coating to the SiC-based substrate may be due to the 
formation of a mullite transition layer between the coating and the native silica film on the SiC based 

substrate. 

It may be preferred to further high temperature-stabilizing the alumina in a manner known per se by 
adding oxides of chromium, wolfram, calcium, strontium, barium, silicon, zirconium, the blend suitably 
being 80-100% alumina and 0-20% of the above-mentioned additives. 

tn order to give the wash coal a better bonding on a SiC structure, the niter body is preferably heated 
in an oxidizing atmosphere for 1-2 hours at calcining temperature, such as about 650oC. in order to 
remove excess free carbon remaining from the pyrolysis of the green binder and. thus, increase the 
amount of the protecting SiO, forming a layer on the SiC grain. 

The slurry typically used for applying a surface-increasing coating comprises alumina and additives in 
water or a salt bath or an acid containing a dispersing agent. The viscosity of the slurry may be 
adjusted according to the desired penetration into the porous stoicture of the filter body, this 
penetration is strongly affected by the average grain size of the substrate. The applied coatmg .s 
preferably sintered in an oxidizing atmosphere, in the temperature range of 1100-1500»C. preferably 
1200-1300OC. depending on the particle size of the alumina and the added sintering agents. 

The thickness of the heat treated coating is typically between 0.1 and 100 pm. preferably between 1 
and 30 pm. such as between 2 and 10 pm. 

AS described above, it may be preferred to manufacture a porous filler body having a pore size so 
targe that the filter body alone may not be able to obtain the desired filtering efficiency. !n this 
5 Situation, a membrane having a pore size smaller than that of the filter body may be added to the filter 
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body to increase the filtering efficiency (or may be established by a suitable pore size gradient as 
mentioned above). As this membrane may be manufactured quite thin, the overall pressure drop over 
me filter body will not be dramatically increased, however, the filtering efficiency of the f.lter body may 
be dramatically increased. 

The membrane coating may be very thin, with a thickness from 0.02 to 5 mm preferably from 0.05 to 
0 4 mm The base stmclure will nomially have a mean pore size in the range of 10-300 pm. preferably 
20-200 IJm. and the membrane will normally have a preferable mean pore size in the range of 1-50 
pm. preferably 2-15 Mm. A constant separation efficiency as h.gh as 99% for soot can be reached. 
This will ensure less than 0.05 g/kWh residual soot in the exhaust gas stream downstream of the filter. 

A membrane of this type may be manufactured in numerous ways. The overall purpose of the 
membrane is to decrease the pore size of the filter body in part of the filter body. As described above, 
the membrane is preferably added to the filler body in a thin layer on the gas exit surface of the filter 
body Thus, the membrane should reduce the pore size of a thin layer of the porous structure of the 
niter body at this surface. This effect may be obtained either by fastening a separate layer having a 
suitable pore size to this surface or by actually reducing the pores in this part of the filter body. 

Membranes of this type may be added to the f.lter body in a number of ways. However, the presently 
preferred way of adding the membrane to a filter body is manufacturing a slurry containing the 
particles or fibres to constitute the membrane, and to pass this slurry through the fitter body. If the size 
of the particles or fibres is chosen correctly depending on the pore size of the pore size of the filter 
body (Which the person skilled in fine powder/fibre technology will be able to do routinely), these 
particles or fibres will be filtered by the filter body when flowing the slurry through the filter body, If the 
particles or fibres of the slurry are smaller, such as 1-20 pm smaller, than the mean pore size of the 
filter body, these particles or fibres will be filtered in the outemiost layers of the filter body and thus 
reduce the pore size of this thin layer of the filter body. 

If the slurry is flowed through the filter body in the opposite direction of the flue gas to be filtered by 
the final filter body, the membrane will be deposited on the flue gas exit surface of the filter body as 

preferred. 

Powder-based membranes are preferably multi-layered coatings having increasing grain size from 
outside towards the base structure. 
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Fibre-based membranes may. e.g., have fibre diameters of between 1 and 20 .m. The f.bre diameter 
.s preferably between 2-4 pm. and the r.bre length may be in the interval 10-10000 pm. preferably 
50 1000 pm or 100-500 pm. or it may, for a number of purposes, be between 1 ,m and 100 ^.m. such 
3s between 5 or 10 ,m and 50 ^m. Where the fibre-based membranes are to be applied to fillers of. 
eg honeycomb structure, with narrow channels, it is often suitable to have the fibres of a length of at 
the most one tenth and more preferred at the most 1/50 or even more preferred at the most 1/100 of 
,he width of the honeycomb channels through which the slun^ fom^ing the membrane is passed. 

Thus membranes can be manufactured from powder or f.bres or from a combination of both. In many 
cases the membranes, will be built up in two or more layers by application of slurries of increasmg 
finenes. in accordance with well-known techniques for building up such fine membranes. 

i Membrane coating is known £>erse in the industry only on the inlet side of the filter. This known 
J method prohibits the soot from penetrating into the wall structure and achieving the important h.gh 
5 surface area contact with the active catalytic coating to promote oxidation. 

' A catalytically active coating can be placed directly on a wash coat surface in order to act as an 
' oxidation temperature-reducing element. Such coatings are preferably established from a slunv .ha, 
5 contains the active materia, as ultra-fine powder and the carrier as water or an organic, a salt, acd or 
: non-organic solution. However, also substances soluble in a liquid may be used for the depos-t.on of 

i the catalytically active coating. 

' The catalytically active material may. e.g.. be selected from platinum, palladium, rhodium, vanadium, 
titanium, zirconium, copper, nickel or in any combined fom, as well as. for each selected act.ve 

> elements or for some of them, in chemical combinations/compounds with oxygen, nitrogen, etc. The 
active substance may be soluble in a fluid and the fluid may be flushed through the substrate to a 
given weight increase corresponding to a desired layer thickness. The amount of catalytically act.ve 
material is normally from 0.1-10 gram/liter filter substrate, preferably between 0.5 and 5 gram/l.ter 
such as 1-3 gram/liter. 

The catalytically active coating is. as is also the case for the surface-increasing coatmg. su.tably 
added to the filter body by introducing the slurry/solution in the filter body and subsequently removing 
the liquid However, also other known methods of application of catalytically active elements on the 
surfaces of the finer, including the ve^ important interior surfaces, may be used, such as PVD 
35 techniques etc. It will also be understood that while awash coating is often preferred, there may be 
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interesting combinations of filter material, such as SiC. and cata.ytically active coatings where no 
wash coating may be required to obtain the desired effective deterioration, in particular by oxidation, 
of the soot particles. 



The inventi 
following 



on will now be described by a non-limiting number of figures and examples. In the 



Fig 1 A shows the porosity stri^cture of a filter body of the Cordierite type. 

Fig. 1B illustrates the small number of open and. thus, useful pores on the surface on the filter body 

shown in Fig. 1A, 

Fig. 2A Shows the porcisily structure of a filler body of the type described in PCT publication number 

WO 89/09648. 

: Fig. 2B illustrates the large number of open and. thus, useful pores on the surface on the filter body 

- shown in Fig. 2A, 

' Fig 3 illustrates a catalytically active coating on a filter body of the type shown in Fig. 1 A. 
J Fig 4 illustrates a catalytically active coaling on a filter body of the type shown in Fig. 2A. 
1 Fig. 5 illustrates the preferred position of a membrane positioned on the filter body shown in F,g. 2A, 

' and . . 

=3 Fig. 6 illustrates the back pressure generated by a filter body as shown in Fig. 1 A, F.g. 2A and F.g. 4. 

^ Fig 1 A Shows a filler body 1 of the same type as Cordierite Wall Flow Filters which, by it's nature, has 
4 a relatively low permeability caused by a large amount of uncontrolled pores, that often become bl.nd 
= cavities 3 and therefore, are of little use. The pores in this type of material are mainly created by a 

Chemical reaction taking place during the sintering process, and not the packing relatively large gra.ns 
, together during the extrusion as is the case in the filter body described in PCT publication number WO 

89/09648 This pore creation method is impossible to control to a higher degree of precision. SEM 

(Scanning Electron Microscope) mvestigations show low number, of open and useful pores 5 per un.t 

surface area. 

0 Fig. 1B illustrates the number of open and useful pores 5 on the surface of the filter body 1 seen in 
Fig. 1A. 

,n Fig 2 a powder technology based wall flow filter body 8 is seen. This type of filter body 10 has an 
improved permeability compared to the type of filter body 1 seen in Fig. 1 due to a controlled pore 
5 Size creation during manufacturing. Typically, the pemieabillty of this filter body is 30-50% higher 
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compared to non powder technology based Wall Flow Filters, such as (he filter body 1 seen in Fig. 1 , 
as the particles 10 constituting this filter body 5 have the same size and the contact points 12 connect 
all the particles 10 together only at the contact points 12. SEM investigations show a large number of 
open and useful pores 14. typically, this number is twice that of the filter body 1 seen in Fig. 1 . 

Fig. 2B illustrates the number of open and useful pores 14 on the surface of the filter body 8 seen in 
Fig, 2A. 

In Fig. 3, the position of a catalytically active coating 7 on filter body 1 as seen in Fig. 1 is seen. No 
surface-increasing coal is applied on this niter body 1. By measuring the pressure drop over the filter 
body 1 before and after the coating 7 Is applied, it is discovered that the pressure drop increases 
significantly, indicating that the pores 5 in the filter body 1 decrease in size and that some pores 5 may 
be filled and blocked by the coating 7 (see position 9 in Fig. 3). 

In Fig. 4 the position of a catalytically active coating 16 on a powder technology based filter body 8 as 
seen in Fig. 2A is seen. This coating 16 may be positioned on lop of a surface-increasing coating. 
Both these coatings cover every particle in the Hiter body with a controlled layer thickness so that no 
pores in the Hlter body 8 Is blocked. No increase in pressure drop is measured when only the surface- 
increasing coating is applied. 

Fig. 5 shows a preferred embodiment of a membrane 20 on a filter body as seen in Fig. 2A. 
Preferably, the membrane 20 is added to the gas outlet side 22 of the filter body 8. To be optimally 
efficient, the membrane 20 preferably covers the complete down stream, outlet side 22 surface of the 
filter body 8. In this figure, the membrane 20 is formed by a number of particles 21 . which are 
positioned in the outer parts of the gas outlet side 22 of the fitter body. In an other prefenred 
embodiment, the membrane 20 may consist of a multi layer type with increasing pore size towards to 
the base structure of the filter body 8. The membrane 20 preferably only covers the outlet side 22. In 
operation, the gas flow, including the soot, enters the open porosity of the filter body 8 and penetrates 
inlo the wall unlil ft is slightly restricted for further penetration through the filter body 8 by the 
membrane 20. 

Fig. 6. In a conventional diesel engine soot filler monolith the porous filter wall 1 receives the gas flow 
4 in one direction and accumulates the soot ^cartDon particles 2 on the top surface of the monolith wall, 
characterised as a soot cake with a well-defined boundary within the fitter material itself. The soot 
layer 2 starts combustion in the very thin boundary layer 3 only with intimate contact with the catalytic 
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active coating and a sufficient temperature. Within the narrow combustion zone carbon monoxide is 
generated as a result of the combustion and at the same lime the oxygen concentration is reduced. 
Both gases follow the flow direction 7 and are expelled through the exhaust system. The heat 
generated by the combustion follows direction 7 and the distance from the combustion zone 3 to the 
nnbumed soot increases fast. With reduced oxygen levels and lack of unbumed soot the combustion 
slows down. The otherwise intimate contact between the filter wall and soot cake converts into a 
distance or interval which destroys the necessaryt contact between the catalytic active coating and 
soot. The result is the combustion speed being reduced / stopped because of lack of catalytic active 
coating contact, heat. etc. 

Fig. 7. This invention relies on an ver/ open filter structure, where the gas flow 4 

tries to pass the soot particles 2 through with low filtration efficiency. 
3 AS no well-defined soot cake is generated the soot penetrates into the 
5 filter wall and there is no well-defined combustion zone. The combustion 
£ takes place inside the filter wall itself, or the combustion zone is on the 
i very grain surface and creates a boundary layer 3 with now same thickness as 
0 the filter wall. The boundary layer is only well-defined relative to each wall 

grain surface and not to the filler wall surface. The membrane 5 on the 
T filter wall outlet side ensures that the trapping efficiency is kept high. 



2CFt= 



" ' The following examples illustrate in greater detail various ways in which the filter systems/structures 
25 according to the invention nnay be made 



Example 1 

Silicon carbide powder technology substrates may be manufactured using a continuous extrusion 
process. The compound may be composed of 69-72 wt% inexpensive, commercially available, large 
30 size Mesh 180 SIKA 1 grindirig grain or powder size 75-105 pm from Arendal in Norway and 4-13 wt% 
ultra fine SiC. mixed into a plastic paste composed of 4-6 wt% Methyl Cellulose from Hoechst. 8-25 
wt% water and 0-12 wt% ethanol. 

The paste may be extruded in a water cooled single screw auger extmder with vacuum chamber, into 
35 a honeycomb die heads. Extrusion speed may be from 1 .5-2 meter pr. minute. 
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After a very high temperature sintering process, typically at a temperature above 2200°C, in a 
protective atmosphere, such as Argon, the structure becomes a low density, rigid and highly porous 
fitter body. 

5 The preferred shape of the filter body is at present the so-called honeycomb structure. 

This filter design has a matrix of thin, interconnected walls which define a multiplicity of cells and 
which have interconnected open pores of very controlled size. The porosity is high and sufficient to 
enable the fluid/gas to flow completely through the thin walls in their narrow dimensions, between 
10 adjoining celts and through the thin walls in their longer dimensions between adjoining or neighbouring 
cells and to substantially restrict the particles in the gas from flowing through the filter body. Each 
channel is closed in one end and neighbouring channels are closed at alternate ends, forming a 
chess-board like pattern, generating a Wall Flow Filter. 

^he properties of the SiC (silicon carbide) based filter material are characterised by an extremely high 
p thennal conductivity (10-30 W/m^K), giving a very high thermal shock resistance. SiC decomposing 
^ point is around 700°C higher than melting point for Cordierite (1300°C). Expansion of SiC is 3.5-4 x 



S| sintering temperature and condensing in the grain contact points between the larger Mesh 180 grain, 
'r: By this method, the structure becomes pure SiC. 

Wall Flow Filters produced from a powder having a very controlled grain size are characterised by an 
25 extremely homogeneous and controlled pore size and pore size distribution. A pore size measured to 
be 50 my. gives a filtration efficiency, without a membrane, measured to be higher than 65%. The 
permeability is about 50% higher than that of a Corning Cordierite EX-66 structure having a filtration 
efficiency of approximately 70-80%. 

30 The applied wash coat may consist of an alumina/water slurry with added dispersing agents. As 

alumina powder source, Alcoa A16'Sg (particle size: 40-80% within Mesh 200. corresponding to about 
63 ^m, surface area 5 mVg, green density 2.12 g/cm^, analysis 99.8% pure Ai203) can be used. A 
commercially available dispersing agent, such as DARVA C or Dispex from R. T. Van der Bilt CO, Int. 
may be used. The coating may be applied by tv/o different methods as described here: A slurry with a 

35 relatively low alumina content can be used when the coat is applied simply by filling up the filter body 
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The high strength is obtained as the result of the ultra-fine SiC powder evaporating at the high 
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wilh the slurry. Excess slurry is decantered off. The alumina content in the slurries used is in the range 
of 55-70% by weight. The coat can be applied by the use of vacuum or compressed air. The filter is 
niled with a slurry containing 65-80 % alumina by weight. The excess slurry is driven out by applying 
vacuum or compressed air to one end of the substrate. The applied wash coat may be sintered in an 
oxidizing atmosphere in the temperature range of 1 100-1 500°C. preferably at 1200»C, for 1 hour. 

A fibre membrane coating may be deposited in a very thin layer: 0,01-1 mm, preferably 0.05-0.2 mm, 
and with a mean pore size in the range of 2-20 pm, such as 5-1 o pm. A separation efficiency as high 
as 95-99% for soot can be reached. The fibres used may be Atmax alumina fibers, but also a wide 
variety of other fibers can be used. The dimensions of the fibers used may be: 1 0 pm diameter and 
500 pni fiber length, biiX as mentioned above, the fibres wilt preferably be small, such as with a length 
of 1/50-1/100 of the channel width. A slurry containing Alcoa A16 sg alumina powder and Atmax fibers 
in the ratio 0.1-5, preferably 0.2-0.5, may be applied by the same techniques as used in the 
application of wash coats. The slurry may be dispersed by the use of commercial dispersing agents, 
such as the above-mentioned dispersing agents. As a binding agent, 4-7 wt% Methyl Cellulose from 
Hoechst may be used. The coalings may be sintered in an oxidizing atmosphere in the temperature 
range 1 300-1 500°C, preferably 1350-1450°C. 

Alternatively a granule coating consisting of alumina/SiC can be used instead of the fiber based 
coating. The thickness of this membrane may be 0.01-1 mm. such as 0.05-0.15 mm. The alumina 
content may, as before, be Alcoa A16 sg. As structural elements, commercial grades of SiC, such as 
Mesh 360, 400. 500 and 800 may beused. Preferably, Mesh grade 400 and 600 are used. Alumina/SiC 
ratio may be in the range 0.01-5 preferably 0.15-0.35. Commercially available dispersing agents may 
be used, such as the above-mentioned dispersing agents. As binding agent 4-6 vA% Methyl Cellulose 
MH-300 from Hoechst may be used. The coating may be applied as mentioned above. The coat is 
sintered in an oxidising environment in the temperature range of1100-1500°C preferably 
1200-1300»C. 

Generally, the thicl<ness of the applied membrane will depend on the porosity and inner structure of 
the porous filter body to receive the membrane. 

A catatytically active coating may be placed directly on the wash coat surface in order to act as an 
oxidation temperature reducing element. This coating may be deposited as a slurry containing the 
active material as submicron or ultra fine powder and the carrier may be water as a non-organic 
solution. 
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Table 1 . Ceramic precursors. wt% 



China Clay gr. E (APS 2-3) 
Talc (APS 1-4) 

AhO^CT 3000 SG (APS 0.4-0.6) 
SiOz Fyleverken (APS 3-6) 
Li2C03 anal. qual. (APS 3-6) 



Mix A 
Cordierite 



40.4 
43.6 
16.0 



Mix B 

Spodumene 



65.8 



15.3 
18.9 



MixC 
Mullite 



51.5 



48.5 



35 



« Pi„der,p,as,iciser. a ma,a„.n,dro„.a,h,.cal.u,esa mav be used Cr„ose MH ,00 P ,rom HoecPs,,. 
le case o, Cordia* and Spodumana ceramics .he precursors ma, ba ca,cina,ad/s,n,erad ,0 a 
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grog and crushed into a coarse grained partly porous powder with a particle size sir^ilar to FEPA Mesh 
180 The green body compounds may be composed according to Table 2 and mixed dry for 30 min. 
Elhanol is added and after another 10 min of mixing the water is introduced. Another 30 min. of 
mixing remains. As a pore-forming agent, a filler of polystyrene spheres (Shell N 2000) is added along 
with the 6ry raw materials. Selected size fractions of 30-50 pm are used. The spheres will pack to a 
dr7 tap porosity of 40 vol% which will result in a max. filler/compound ratio of 0.68. 

The compound is extruded in a single screw auger extr^Jder with vacuum chamber, into the die head. 
The extruded bodies are dried at ambient temperature and controlled humidity and sintered in an 
electrical furnace with normal atmosphere according to Table 2. 
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Cordierite 



Spodumene 



Mullite 



Mix A 

Mix B 

MixC 

Tylose 

Water 

Elhanol 



wt% 
46.5 



8.6 

15.7 

29.2 



wt% 

48.5 

9.0 

11.1 

31.4 



73.7 
0.7 
19.0 
6.7 



Filler/Compound 
(vol/vol) 

Sintering temp. «C 
Linear shrinkage % 



56-64 

1340 
5.4 



58-62 

1270 
6.7 



58-64 

1400 

7.1 



The structure becomes a low density, rigid and highly porous Hlter element. The pores have controlled 
pore size and the material has good properties for a further coating and addition of a membrane to 
optimise the high efficiency soot filter for diesel engines. 

A wash coat is deposited as described in example 1 . 



The fibre membrane coaling is very thin, 0.05-0.2 mm thick and has a mean pore size in the range of 
5-10 Mm. It is envisaged that a separation efficiency as high as 95-99% for soot can be reached. The 
fibres used are Almax alumina fibers. The dimensions of these fibers may be: 10 pm diameter and 0.5 
mm fiber length, but as mentioned above, shorter fibres are highly preferred. A slurry containing Alcoa 
A16 sg alumina powder and Almax fibers in the ratio 0.1-5, preferably 0.2-0.5 was applied by the 
same techniques as used in the application of wash coats. The slurry se dispersed by the use of 
commercial dispersing agents. As binding agent 4-7 wt% Methyi Cellulose from Hoechst is used. The 
coatings are sintered in oxidizing atmospheres in the temperature range 1 300-1 500°C, preferably 
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1 350-1 450°C. 

An active coaling is applied as in example 1. 
5 Example 3 

A series of different oxide-based ceramic powder technology substrates are manufactured from 
Cordierile. Spodumene and Muliite compositions after similar methods. The ceramic precursors are 
listed in Table 3. 

1 0 Table 3. Ceramic precursors. wt% 



'1^ 
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Mix A 


Mix B 


MixC 




Cordierite 


Spodumene 


Muliite 


China Clay grade E (APS 2-3) 


40.4 


65.8 


51-5 


Talc (APS 1-4) 


43.6 






AI2O3CT 3000 SG 
(APS 0.4-0.6) 


16.0 


15.3 
18.9 


48.5 


Si02 Fyieverken (APS 3-6) 






U2CO3 anal. qual. (APS 3-6) 







AS binder/plasticiser. a methyl-hydroxy-ethyl-cellulose is used (lylose MH 300 P from Hoechst). In the 
case of cordierite and Spodumene ceramics the precursors are calcined/sintered to a grog and 
crushed into a coarse grained partly porous powder with a particle size similar to FEPA Mesh 80. 
1-20% ultra fine powder from the same material is added in a ratio of between 20:1 to 6:1 . The green 
body compounds are composed according to Table 4 and mixed dry for 30 min. Ethano. is added and 
30 after another 1 0 min of mixing the water is introduced. Another 30 min. of mixing remains. 

The compound is extrvded in a single screw auger extruder with vacuum chamber, into the 
honeycomb die head. The extruded bodies were dried at ambient temperature and controlled hum.d.ty 
and precision sintered in an electrical furnace between 10 and 400 minutes with nomnal ox.d.z.ng 
35 atmosphere according to Table 4, 
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Table 4. Green body compounds. 



Cordierite 



Spodumene 



Mullile 



Mix A 
I 0 Mix B 
MixC 
^ Tylose 
^ Water 
S| Elbanoi 

__ — 

£ Appr. sintering temp- "^-C 
r Linear shrinkage % 



wt% 
75.5 



8.6 
12.7 

3.2 



2€k 



30 



1330 
4.4 



Wt% 

68.5 

9.0 

11.1 

11.4 



1230 
5.7 



wl% 



73.7 
0.7 
19.0 
6.7 



1350 
6.1 



35 



s..c,ur.s .ocone , low r*,iv.iy rigid « po-ous fnur e,e..n, .he 

i„p„.sn,, ve,y conlrollea po-e size and dis.nbu.ion .or maxim™ and high permeah*,, made 

possible by the powder technology- 

An accep,ab,e s.,eng.h o, .he n»er body is oMained, as .he u,.ra nne powder binds in ,he con.aCs 
poih. .rom or be.we.n .he larger Mes. eo grain^ The s,ruc.ore b, ,h,s method becomes a pure 

material. 

The wash coat is applied in the same manner as described in example 1. 

The nue membrane coating is very thin, a 0.05-0.2 mm thicK membrane wUh mean pore size in the 
range of 5-10 m- A separation eff.ciency as high as 95-99% for soot can be reached. The f.bres used 
range Of :>-iUH „Mh^^P fibers mav be 10 pm diameter and 0.5 mm fiber 

are Almax alumina fibers. The dimensions of these fibers may be. i u M 

length, but as mentioned above, it may be Referred to use considerably sho.er nbres. sue as^^^^^^^ 
Of a length of at .he most 100 ,m. A slurry containing Alcoa A16 sg alumina powder and Almax f.bers 
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in the ratio 0.1-5. preferably 0.2-0.5, is applied by Ihe same technique as used in the application of 
wash coats. The slurry is dispersed by the use of commercial dispersing agents. As binding agent 4-7 
wl% Methyl Cellulose from Hoechst is used. The coatings are sintered in oxidizing atmospheres in the 
temperature range 1300-1500^0, preferably 1350-1450^C. 

An active coating is applied as in example 1. 

In all of the examples, the filter device becomes, by way of this new technique, an ultra high-flow 
exhaust gas filter with previously unattained low regeneration temperatures for the captured diesel 
soot, providing an uncomplicated, low cost alternative to reducing soot emissions from diesel powered 
vehicles. It is known by the experienced person skilled in the art of ceramics and fine powder/fibre 
technology that the methods disclosed can be varied in many ways and still result in the novel 
structures and methods disclosed herein. 



